Software modernization and replacement decisions are crucial to many organizations. They affect greatly to the success and well being of the organizations and their people. The decisions like that are usually presumed to be rational and based on facts. These decisions and how they are made tell much about the decision makers and the decision making tools available to them. Interviews of 29 software modernization decision makers or senior experts were analyzed in order to find out how the decisions were made and what models and tools were used. It turned out that decisions are not as rational as supposed. Intuition is the dominant factor in decision making. Formal software engineering oriented decision support methods are not used. Most decision makers did not see intuition as a preferable way to make decisions. This might be because the preferred values are rationality and formality. Since the use of intuition is not particularly valued it is not necessarily admitted or documented either. However, truthful description and justification of decisions is important both from the practical and ethical point of views.
INTRODUCTION
The modernization and replacement decisions of information systems often have crucial impacts on modern organizations. Those decisions may cause remarkable changes in the life of the endusers of those systems and even in the general success of the organization in question. Those decisions should be as ethical and traceable as possible due to the fact that a single decision may lead to huge economical losses and the worsened life of many people. Those decisions may, of course, lead to economical miracles and general success. The positive possibility does not, however, weaken the ethical standards and traceability that should be required from such decisions.
The old information systems that are modernized or replaced are normally called legacy systems. Those systems are, in many cases, vital to the organization that uses them. They are, however, hard and expensive to manage (Bennett and Rajlich 2000) . It has been realized that the maintenance and evolution costs of legacy systems are normally somewhat between 40% and 90% of the total costs of the life-cycle of the system (Foster 1993) (Glass 2003) (Seacord, Plakosh and Lewis 2003) . A brand new information system that is installed today may be a legacy system in the future.
The vital role of legacy systems and the extensive costs caused by maintenance and evolution of such systems require that the decisions made regarding those systems are well-thought, ethically defendable, understandable and based on facts. In other words, such important decisions are required to be rational and traceable. Rationaly requires, in many cases, the use of formal decision making procedures which are based on hard facts. The traceability requires that every phase and reason for the decision be understood afterwards. At least a couple of software reengineering and modernization approaches which should satisfy these requirements have been proposed in the literature, see e.g. (Sneed 1995) and (De Lucia, Fasolino and Pompella 2001) .
The relatively high number of horror stories of information system decisions should make one wonder: Is the real-world decision making really that rational and traceable? The question is especially interesting because the accepted way to make decisions in the current business world requires that the decisions are based on objective analysis of real facts. We do, however, know that in the concrete world many decisions require intuition, which can bee seen as compressed expertise that allows the expert to use his/her experiences and knowledge in a fast and adaptive way (Sauter 1999 ). Therefore we should admit that intuitive and formal decision-making can be seen as the two sides of expert judgment (Simon 1987) (Patton 2003)(Sadler-Smith and Shefy 2004) (Miller and Ireland 2005) .
The results of the study were surprising. The reality is not as rosy as one would assume when reading the quidelines stated in the Software Engineering Code of Ethics and Professional Practices (Gotterbarn, Miller and Rogerson 1999) . The role of rational and traceable approaches to decision making is astoundingly insignificant in the real-world, as will be seen in the rest of this article. The results show that the role of intuition is dominant and the existing rational approaches are not used in the real-world decision making. This will propose remarkable challenges to both the academia and industry if traceability and ethicality of decisions will be required.
ARE REPLACEMENT AND MODERNIZATION DECISIONS RATIONAL AND TRACEABLE?
Professional life includes many decision making situations. In modern software engineering profession those decisions are supposed to be rational and based on facts. The rational decision making is the backbone of the theory of economic decision making (Simon 1979) . The software engineering decision making tools and models are more or less intentionally based on common decision making theories and strategies, like the expected utility theory (von Neumann and Morgenstern 1944) and the prospect theory (Kahneman and Tversky 1979 ). The conceptual model of software engineering decision maker is based on the idea of rational and intelligent people making decisions based on hard data and careful use of decision making tools and economic calculations. The software engineering decision making tools and methods are clearly based on that concept of decision making.
Those models are mainly based on the idea of making rational decisions possible by providing tools by which the rationality can be achieved. Such models and tools may be grouped into general software cost estimation models and software maintenance estimation or decision models. Those software cost estimation models include models such as Boehm's COCOMO (Boehm 1981) (Halstead 1977) . Several models can be used to support rational decision making in the field of software engineering. Models can be used to estimate for example maintainability (Coleman, Ash, Lowther and Oman 1994)(Di Lucca, Fasolino, Tramontana and Visaggio 2004) , software complexity effects (Gibson and Senn 1989)(De Lucia, Di Penta, Stefanucci and Venturi 2002) , general maintenance cost drivers (Niessink and van Vliet 1998) and reengineering effects and strategies (Sneed 1995) (Warren and Ransom 2002) .
The concept of the rational and traceable decisions is necessary because many of the softwarerelated decisions are very crucial for various reasons including money and human well-being. For example the decision to replace an old system with a brand new one may be of extreme economical importance to the organization and its future. If the decision is incorrect, it could lead to a major economic loss and business failures. Also these decisions have a remarkable influence on the people who are working in the software end-user organizations. Therefore, these kind of decisions should be made according to rational decision process and the rationality should be able to be analyzed afterwards. The use of documented and at least semi-forman decision making frameworks is the expected way of decision making.
If the decision making in the field of software engineering was as rational and ethical and traceable as it should, then the number of software engineering horror stories should be much smaller than it is. The amount of horror stories do, however, make one to wonder whether our models and tools are lacking or whether professional decision making is something else than one would assume. Therefore it is recommended to have a closer look at the actual decision making practices found in the industry: Do industrial decision makers perform rational, ethical and traceable decision making?
In the reported study interviews of professionals were analyzed in order to get a better understanding of the decision making strategies, tools, and methods of experienced professionals.
The main aim of the study was to get at least a better picture of the decision factors with the actual tools and techniques used by professionals.
HOW THE STUDY WAS PERFORMED AND A BRIEF ANALYSIS OF THE DATA
The material of the study consists of 29 interviews of people who have relevant roles in software engineering related decision making, especially software modernization or replacement decisions. The material was collected by one-to-one interviews of a semi-structured form. The interviews took place between August 2003 and February 2004. The interviewed people were found with the snowball sampling. That approach to sampling offers an established method for identifying and contacting populations which are hard to reach (Vogt 1998) . The snowball starts with a core set of persons who are asked to name the best people to answer the posed questions. The named persons are contacted, interviewed, and so the snowball grows. In this study the sampling started from three experts.
Interviewees were from 8 different organizations. There were 3 software supplier organizations and 5 software end-user organizations. From 29 interviewees 12 worked within software supplier organizations and 17 within end-user organizations. Their average working experience with information systems was 19 years and with modernization decision making or argumentation 8 years. Their average age was 48 years. There were 4 people performing the interviews, which has a slight effect on the flow of the interviews.
Interviews contained total of 43 questions of which 15 questions were about background information and 28 questions about modernizations and decision making. The questions covered for example the following areas:
• The professional background of the interviewee.
• Who makes the modernization decisions?
• Are there some guidelines or procedures for decision making and what type they are?
• What different aspects of decision making are used?
• Are the decisions based on methods and what methods are used?
Additional questions were asked from some of the interviewees. Interviews were recorded with permission and afterwards transcribed. Transcribed interviews, which included questions, were about 141 600 words, so the average length for each interview was about 4 880 words. The language of the interviews was Finnish. An overview of the interview questionnaire and the first level analysis of the interviews has been presented in (Koskinen, Lintinen, Ahonen, Tilus and Sivula 2005) . That analysis will not be repeated here.
In a study like the reported one it is typical that different methods are simultaneously used and methods are used together (Eskola and Suoranta 2000) . The research methods used in this In the analysis only parts of the whole interviews were used. Those parts were the ones related to decision making. According to the background assumptions the decision making process was assumed to be professional, rational, traceable and ethical. That assumption was made because all of the interviewees were in positions in which they often make decisions that may lead to significant use of resources and long-time software engineering commitments. The analysis focused on those interview questions that were related to the decision making as a process or the various parts of the decision making process. General themes have been identified earlier as reported in (Koskinen et al. 2005) . The analyzed questions were (the numbers of the questions presented below do not reflect the numbers of the corresponding questions in the original interview): In the first phase of the analysis (quantification and making themes) the decision making processes were analyzed as they were described by the interviewees. The basic idea of the analysis was to find answers to the analysis questions:
A: Is the use of intuition directly admitted? B: Is the use of intuition admitted later on in the interview?
The themes were the direct admission of use and the later admission of use. The analysis of the direct admission and the later admission was performed by creating a The analysis question B (later admitted use of intuition) was answered by analysing the answers to the interview questions Q2-Q5. In several cases it turned out that an interviewee had given a negative answer for the analysis question A, but later said e.g. "I don't think we use any methods. I have not seen any.". In such case the answer to the analysis question B was considered positive (use on intuition admitted). In the same manner a negative answer to the analysis question A and the later statement "Yes, we always calculate." was considered as a negative answer to the analysis question B. The results of that classification are shown in Table 2 .
The second phase of the analysis was discursive analysis. Discursive analysis was used in order to find out C: Is the use of intuition evident based on the analysis of the transcripted texts? D: What formal, i.e. numeric or quantitative, methods or tools or techniques are used for decision support?
The questions A, B, C, and D were decided to be sufficient in order to reveal the underlying formal or intuitive nature of the decision making processes of the interviewees. like "We should use (quantitative methods)." and "There is nothing else than illusion" tell their story about missing formal methods in the real decision making processes or the methods' lack of suitability for the real world.
It is worth noting that the interviewee's use of language revealed the use of intuitition. For example the interviewees could not name or describe the methods which were used or they used phrases like "We try to use quantitative methods" or "There is some price and then they give some value to it" or "We can do counting based on supposition and on experience and on things and values we had learnt". When the interviewee said, that they try to use quantitative methods, it clearly tells that the decisions are not based on formal methods. Personnel of that particular organization would like to use or they should use quantitative methods, but for some reasons it is not the way they usually work.
Cases where the interviewee used words like "some" and "something" reveal that they do not have the information and the methods required for formal decision making. In those cases the interviewee knew that quantitative methods were the expected way of assessment, but they are not used. Similarly answers which tell that something "is based on supposition or experience"
Evaluation and Assessment in Software Engineering 2006 it can be concluded that decision making is based on intuition and fuzzy reasoning, not on formal methods. In every interview there were clear indicators that showed the dominant role of intuition in decision making. In other words, every one of the interviewed decision makers relied on intuition, not formal methods or procedures in their decision making. The decisions were not really backed up with hard, fact based data and evaluations -the decisions were based on the "gut feeling" of the decision making individual.
One of the most interesting results from the analysis was that the interviewees were not able to name or describe any formal or semi-formal decision-making method. The most formal mentioned approaches were return on investment (ROI), cost estimation, and giving grades to different options. In most cases even that level of method definition was lacking. In addition to that, the vague methods mentioned by the interviewees are based on intuition -at least in the forms they were mentioned.
UNDERSTANDING THE RESULTS
When asked if the modernization decisions were based on intuition, 12 of 29 interviewees admitted it straight away in some level. Some of those interviewees said that they use intuition too much, some of them said that about 30% of decisions are based on intuition and some of them said that it happens. But a closer analysis of the answers for the later questions, which handled quantitative methods and quantification, reveals that 20 from 29 admitted intuition at that point. Admission could be seen in answers like "Really used? It is mostly the rule of thumb, that we count something" (when asked if some methods are used) or "I don't know how much there is real scientific base, but we have hands on experience". In other words, closer analysis showed beyond reasonable doubt that decision making relied on intuition, not on rational, fact analyzing methods or working procedures.
It must be noted that the data analyzed in the reported study is fairly limited and the results may not be generalizable. It is reasonable, however, to consider the result fairly descriptive for Finland due to the reasonably uniform educational background and experience of the interviewees. For other countries the results may also be reasonably accurate. That accuracy can be assumed because the age of people in similar decision making positions is about the same in different countries and the educational background (actually the contents of the education, most likely master's degree in computer science, engineering or business economics) is surprisingly similar in industrialized western societies.
According to the data and its analysis it is clear that rational decision making methods were not widely used. Interviewees described some methods like giving grades to different solutions or calculating costs, but they could not name or describe their methods very clearly or systematically. At least in the case of the interviewees intuition has the dominant role in making software replacement or modernization decisions. That is contrary to the normal expectations that are held regarding economically significant technical decisions.
It is very interesting that most of the interviewees did not admit using intuition directly although they used it. It tells that somehow they see intuition as an unfavorable way to make decisions. It can be seen from the answers that most of the interviewees do not consider intuition as a part of normal, recommended decision making process and they do not see intuition as a professional way to make decisions as the literature states (Simon 1979 ) (Seacord et al. 2003)(Sadler-Smith and Shefy 2004) .
The state of the affairs seems to be that rational methods described in the literature are not in everyday use in information technology supplier or buyer organizations. In this study decision making is found out to be based on various mixes of intuition, calculation and estimation -mixes in which intuition is in the dominant role. However, the interviewed decision makers wanted to see that the decisions made in their organization are rational and formal. It even seems to be the case that they were very reluctant to admit the lack of rational fact-based methods and the reliance on intuition to themselves.
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It should, however, be noted that the concept of rationality has been questioned in some earlier studies, see e.g. (Parnas and Clements 1986) . It could be that rational decision making is not as common human activity as expected. In order to understand the actual decision making and the possibility of creating useful tools and models for decision making a good understanding of the decision criteria should be obtained. Such understanding could provide valuable insights to the actual use of the formal making tools, methodologies and economic measures. For example Herbert Simon suggests that a good manager needs both analytical, rational skills and intuition (Simon 1987) . He states: "Behaving like a manager means having command of the whole range of management skills and applying them as they become appropriate". Also, the recent scientific researches are bringing up the same idea (Patton 2003 )(Sadler-Smith and Shefy 2004) (Miller and Ireland 2005 ).
This does not mean that we should forget rationality and formality; it means that we should not forget or deny the role of intuition. It may become very dangerous if rationality is faked and real reasons behind the decisions are attempted to be hidden. This may lead to faulty decisions (Cook, Elder and Ward 1997) . Also, it is clear that faking makes the decisions non-traceable (Parnas 1998).
DISCUSSION
Software engineering related decision making is an interesting phenomenon. The common assumption is that those decisions should be performed by using rational and formal decision making tools, methods and processes -the software engineering literature boasts an abundance of different tools and methods which could be used in order to provide rational support for the decision maker. Those tools and methods are not, however, widely used in the real world.
The most interesting finding provided by the reported study is that the decision makers do not see intuition as a correct way of decision making. Yet they are using it extensively. That makes it very important to find out why rational methods are not widely used and why intuition is seen as an improper means to justify decisions. One reason could be that methods described in the literature are too problematic to be used in the real world. For example, in today's hectic business environment collecting the data needed for a specific analytical method might be too difficult and time-consuming (Patton 2003) . Also the amount of the data needed for the righteous decisions might be too difficult to reach. The reason why intuition is seen as a bad decision making might be because of the education and traditions. In business, management and computer science education rationality is seen as the only way of making the decisions (Sadler-Smith and Shefy 2004) and therefore the values of software engineers and decision makers favor pure reason and formal decisions. It is also worth raising the question whether there is a way to shorten the gap between research world and the business world (Parnas 1998) (Glass 2003) regarding the tools and methods for actual decision making. Obviously research based on the real world cases is needed in this area.
Due to the nature and the limited geographical area of this reported study, the results of the study may be less representative than the authors of this article assume. Anyway, results of this study can be used as a basis of the later discussion and studies of modernization decision making.
The role of intuition should be brought out more clearly in decision making. It is dangerous to use intuition and then deny using it. In some cases it is typical to find the justification for decisions after the decisions are made (Parnas and Clements 1986) . This may lead to the situations where decision making and its justification are thought to be rational and then the final results are surprising and not wanted. This makes the decisions and the decision process nontraceable. Non-traceability makes the important learning from the failures impossible (Miller and Ireland 2005) . How can one learn something if he/she does not know what happened and how it happened? That kind of behavior makes also the later rational decision making and decision making process improvements difficult. How can the processes be improved if the experiments and documentations of the previous processes do not correspond to the reality?
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It is important that the decisions and the criteria behind the decisions are described honestly. Without truthful justification and description decisions can not be ethical and consequently they do not correspond to expectations of the world around us. Such decision making is not an acceptable policy for software engineering professionals.
